Abstract: Patellofemoral (PF) dislocations are frequently associated with chondral injury. Chondral and osteochondral lesions are often associated with traumatic (high-energy) PF dislocations, whereas atraumatic (low-energy) PF dislocations in patients with significant PF risk factors have a much lower incidence of osteochondral damage. This article provides a historical overview and delineates the current state of radiographic and clinical outcomes of osteochondral lesions after PF dislocation. The importance of understanding risk factors of redislocation is emphasized, and the current treatment options for these cartilage lesions associated with PF dislocation are briefly summarized.
A rticular cartilage lesions associated with patellar dislocations are common. However, it is important to recognize that the incidence and severity of these articular cartilage lesions is related to underlying anatomic factors. That is, the collateral damage associated with patellofemoral (PF) dislocations varies dependent upon the patient's anatomy/pathoanatomy. It is intuitive that the amount of energy required for a dislocation to occur is inversely proportional to the amount of PF dysplasia. That is, very shallow morphology (highly dysplastic) with little bony restraint will allow a dislocation at lower energy levels than normal morphology would allow. This lower energy is associated with a lower magnitude of articular cartilage lesions in the acute setting when compared with a knee with normal morphology, which would require high energy to dislocate such as in violent sporting accidents. Once the first dislocation has occurred, recurrent dislocations may lead to additional injury to the articular surfaces. These recurrent dislocations are another category. Surgeons would like to think that knees that undergo surgical "correction" to prevent further dislocations will experience less additional and/or less progression of chondral damage. However, careful attention is necessary to monitor these surgical outcomes. In the not too distant past, the Hauser procedure exhibited excellent results in terms of preventing instability yet at the expense of intermediate-term chondrosis progression. 1, 2 In addition, Kuroda and Andrish demonstrated in the laboratory the potentially ill effects of overmedialization of the tuberosity, and Cosgarea demonstrated the potential overloading that could occur with nonanatomic positioning of a medial patellofemoral ligament (MPFL) repair/reconstruction. [3] [4] [5] It is, likewise, important to remember that "PF" dislocation includes the trochlea. This is not merely a semantic note but meant to draw attention to the injuries that often occur at the femur. When considering the implications of chondral damage with PF dislocation, Nomura demonstrated with second-look arthroscopy after acute and recurrent patellar dislocations that some but not all articular cartilage lesions will progress in the near term. Therefore, this article will not only describe the incidence and location of these lesions, but also help develop a thought process on when and how to treat these chondral lesions with the underlying goal of attempting to prevent chondrosis progression.
INCIDENCE AND LOCATION OF ARTICULAR CARTILAGE LESIONS AFTER PATELLA DISLOCATION Historical Perspective
Osteochondral injury after acute patellar dislocation was described as early as 1905 when Kroner 6 observed a large osteochondral fracture through the coronal plane of the patella after an acute lateral patellar dislocation. Reports of similar findings were echoed by Krida 7 and Stewart. 8 Meekison 9 described a traumatic lateral patellar dislocation with injury to the inferomedial patella and suggested the mechanism was a resultant shearing force of the patella across the lateral femoral condyle. Harmon presented an additional case of acute patellar dislocation and a cartilaginous defect of the medial patella. He suggested that these injuries can be present even if they are not visible on radiographs. He went on to describe the operative findings of the case, noting that the patella defect was replaced with fibrocartilage. 10 Coleman 11 added 5 additional cases in which he described 2 patients with acute patellar dislocation and osteochondral fracture of the patella and the lateral femoral condyle.
Ahstrom 12 was the first to suggest that there may be an underlying reason for a patella dislocation other than the acute trauma. He presented 18 cases of acute patellar dislocation with resultant osteochondral fracture in a series of patients with hypermobility, hypothesizing that the hypermobility predisposes the patella to dislocate and subsequently suffer an osteochondral fracture. Rorabeck et al 13 studied a group of 18 patients with patella dislocations. He estimated the incidence of osteochondral fractures after patella dislocations to be around 5%. Cofield and Bryan 14 evaluated a series of 50 patients with acute patellar dislocation between 1955 and 1969 and found 7 patients with radiographic evidence of osteochondral fracture with 6 at the medial patellar border and 1 at the lateral femoral condyle, giving an estimated incidence of 14%. Rorabeck also supported the notion that the reason for the osteochondral fracture was secondary to lateral shear forces acting on the PF joint during a lateral patellar dislocation. In their series, they reported this injury to predominantly affect the inferomedial pole of the patella, followed by lateral femoral condyle and combined fracture of both being less common. 13 The Advent of Arthroscopy and Magnetic Resonance Imaging (MRI)
After the adoption of arthroscopy and MRI, much higher rates of osteochondral fracture after dislocation have been reported. Hawkins et al 15 reported a 52% incidence by plain radiographs and arthroscopy. Kirsch et al 16 retrospectively used MRI to evaluate 26 patients with patellar dislocation and found a 58% incidence of patellar chondral or osteochondral fracture. Similarly, Virolainen et al 17 reported a rate of 76% osteochondral fracture.
To evaluate the pediatric subgroup of osteochondral fracture after patellar dislocation, Nietosvaara et al 18 conducted a prospective 2-year study to evaluate the true incidence of osteochondral fracture among children less than 16 years of age. Their findings showed a 39% incidence of osteochondral fracture. In 1996, Stanitski supported the idea that patients with "hypermobility" of the patella may have a different incidence of articular fractures than patients with otherwise normal patellar stability. He found that overall 57% of patients suffered articular surface injury. He noted that patients with normal patellar stability who suffered traumatic dislocations for the first time were at a 2.5 times greater risk of articular surface damage compared with the "hypermobile" patients. 19 Later in 1998, Stanitski revised his findings when he reported on 48 adolescent patients with acute patellar dislocation. He found 71% had articular damage by arthroscopic evaluation and reported that in 94% there was osteochondral injury, in 6% there was chondral only damage, and 73% involved the medial facet of the patella. It is important to note that only 23% showed radiographic evidence of articular injury, which emphasizes that articular injuries after acute patellar dislocation are commonly missed radiographically. Furthermore, he emphasizes the importance of carefully considering the substantial diversity of patellar dislocations and argued for stratifying treatment by injury type (acute vs. recurrent dislocation), mechanism (contact vs. noncontact), and appreciating the age-related differences. 20 Sallay et al 21 evaluated 23 patients using MRI imaging and reported that 87% of patients had a bone contusion pattern at the periphery of the lateral femoral condyle near the level of the sulcus terminalis; 30% of patients sustained injury to the odd or medial patellar facet and 22% had loose body formation. Beasley et al 22 reviewed the literature on the child and adolescent populations with patellar dislocation. The study identifying numerous predisposing risk factors to dislocation, including various anatomic derangements, such as patella alta, trochlear dysplasia, rotational malalignment, increased quadriceps angle, and ligamentous laxity, as well as family history. As such, treatments strategies must be tailored to specific underlying causes for the greatest patient outcomes, and high redislocation risk patients may require more aggressive surgical intervention.
PROGRESSION OF CARTILAGE DAMAGE/DISEASE AFTER HIGH-ENERGY VERSUS LOW-ENERGY PF DISLOCATION
Nomura et al 23 added to the understanding of the pathology of articular damage with PF dislocation with a study of 39 knees after an acute lateral patella dislocation. He reported a 95% incidence of PF cartilage damage, 100% involvement of the patella, and 31% of the lateral femoral condyle. Precise pathologic evaluation of patellar lesions showed 7 (17%) had chondral or osteochondral fracturing and 9 (23%) had cracks (fissures) and 21 (54%) had lesions with both fracturing and cracks (fissures). Osteochondral defects were most commonly seen in the inferior medial facet of the patella, and cracks were noted most frequently in the central dome consisting of 2 to 5 longitudinal striations. The authors suggested that caution should be taken as to avoid overlooking these discrete cartilage injuries, as they believed these to be predictors of progressive chondral lesions. Following this original study, Nomura et al 24 went on to evaluate cartilage lesions longitudinally in patients with recurrent dislocation. In this study, 70 knees were evaluated after patella dislocation and after redislocation. He found that 96% had articular cartilage lesions of the patella with 76% showing fissuring, most commonly over the central dome and 77% with fissuring or erosions over the medial facet. The location of the more chronic-appearing cartilage erosions was strongly correlated with the location of the cartilage lesion after the initial patella dislocation, suggesting that these more chronic cartilaginous changes were extensions of the original acute injury. In follow-up of this observation, Nomura and colleagues further evaluated 60 patients in 2005. He examined 30 patients with acute and 30 with recurrent patellar dislocation with second-look arthroscopy. That study suggested that patients who had initial traumatic patella dislocations and no subsequent redislocations showed a progression to more severe cartilage damage than patients who suffered recurrent patella dislocations, supporting the notion that recurrent atraumatic (low-energy) patella dislocations may indeed be less traumatic to the articular cartilage surface. 25 This historical review suggests that acute PF dislocations result in predominantly lateral femoral condylar and medial patella facet lesions. The incidence is high and ranges from 70% to 93%. Bone bruises of the medial patella border and the lateral femoral condyle are present in 100% of all patients undergoing a first-time traumatic patella dislocation, whereas in patients with recurrent or chronic patella dislocations, the incidence of bone bruising is markedly lower. (It may be suggested for future investigations that this phenomenon is because the MPFL was injured with the first dislocation, and thus, less energy is required for subsequent dislocations to occur).
As expected from the proposed mechanism of injury in the majority of cases the lateral femoral condyle lesions do not involve the weight-bearing articular surface (Fig. 1) . However, several case reports have been described in the literature suggesting that these injuries can be more extensive and affect the weight-bearing surface of the lateral femoral condyle 26, 27 when the injury (often delamination) extends from the lateral margin of the condyle to the central region of the condyle (Figs. 2A-D) . Mashoof et al 26 described this injury in a retrospective review of 7 cases over a 6-year period of patellar dislocation from noncontact injury. Calleweir et al 27 later reported of a single case of a 
CLINICAL OUTCOMES IN PATELLA DISLOCATIONS WITH ARTICULAR CARTILAGE LESIONS:
Hawkins et al 15 estimated that after a first-time patellar dislocation, 30% to 50% of patients may suffer from residual symptoms of anterior knee pain and/or instability. Although the goal of the study was to define the role of operative treatment for osteochondral fracture, they were unable to make clear recommendations for surgical indications. Cash and Hughston 29 compared operative versus nonoperative treatment in patients suffering a traumatic patellar dislocation. In this study, 20 patients with loose bodies were treated with excision at the time of either arthroscopic or open surgical repair. Of these patients, only 1 patient reported poor result. In comparison, there were an additional 9 patients in the study who also had osteochondral fragments but underwent nonoperative treatment for their loose bodies. Five out of 9 of these (56%) reported poor results. These findings suggest that the presence of intra-articular osteochondral fractures clearly translate clinically into worse long-term patient outcomes and can be considered a relative indication for early surgical correction when identified. Nikku et al 30 reported on 127 patients receiving operative versus nonoperative treatment. The study concluded that the presence of loose body formation lowered both subjective and functional patient outcomes measures.
In the evaluation of clinical outcomes, Sillanpa¨a¨et al 31 assessed subjective patient satisfaction after patella dislocation who underwent "nonanatomic" reconstruction of the MPFL in a group of 37 patients at a minimum of 10 years of follow-up. The study reported an incidence of 78% with osteoarthritis (OA) as determined by MRI and more than half of the patients reported unsatisfactory results. Although only 22% reported recurrent instability of the patella, 78% of patients went on to develop OA thus highlighting that correction of instability alone does not prevent chondral breakdown and development of posttraumatic OA in the PF joint. This further illustrates the multifactorial nature of degenerative changes.
ACUTE VERSUS CHRONIC PF DISLOCATION
It is important to evaluate not only the mechanism of the dislocation after an initial occurrence, but also to define the extent of chondral or osteochondral injury. With the low sensitivity of radiographs in detecting chondral and even osteochondral injury, it is prudent to obtain an MRI after the acute (first) patellar dislocation. Further knowledge about key anatomic parameters help to determine the extent of the potential damage suffered during the initial event. A patella dislocation in a patient with "normal" PF anatomy requires a significantly higher energy and thus is likely to lead to more severe chondral damage than a patella dislocation in a patient with PF dysplasia and/or patella alta. It is therefore important to analyze each parameter of the known risk factors for PF stability: patella alta, excessive lateral position of the tibial tuberosity (TT-TG), trochlear anatomy (dysplasia), and femoral/tibial axial rotation. This brings up the real-world understanding that there is a broad continuum from normal anatomy to the extreme of pathoanatomy. The patient population anatomic range is quite variable in regard to trochlear dysplasia, patellar alta, femoral anteversion, tibial external torsion/lateral position of the tibial tuberosity, and MPFL status. Just because a patient might be classified as having suffered a traumatic patella dislocation does not preclude a full evaluation of underlying risk factors for PF instability that may lead to chronic redislocations and unfavorable nonoperative treatment. Not only are patients with these underlying risk factors for patellar instability at risk for redislocation, but also they are often at risk for PF dislocation of the contralateral knee.
TREATMENT OF CHONDRAL AND OSTEOCHONDRAL LESIONS AFTER PATELLA DISLOCATION
The treatment of focal lesions from chondral and osteochondral lesions varies extensively depending on defect size, damage to the osteochondral fragment, and acuity of the injury. In a first-time acute patella dislocation, the fragments can range in size from small comminuted pieces of debris to hemicondylar avulsions. If there is a fragment that allows for technical fixation, then the fragment should be rescued and fixed in situ. If fixation is performed, this should be performed according to best chondral practices using interfragmentary compression with absorbable or nonresorbable cannulated screws that may require hardware removal (Fig. 3) . Chronic lesions need to be addressed from a more restorative point of view. Partial thickness lesions <1 cm 2 may be potentially asymptomatic and may require only simple stabilization chondroplasty. In small full-thickness lesions (1 cm 2 ), microfracture may be appropriate, although in weight-bearing areas of the patella and as in small to medium sized lesion (1 to 4 cm 2 ) results have been unfavorable for this technique. 32, 33 Small to medium sized lesions 1 to 4 cm 2 can be addressed with osteochondral autografts, 34, 35 although Bentley et al's 36 results were less encouraging. For the treatment of larger lesions (2 to 10 cm 2 ), autologous chondrocyte implantation is the most commonly reported technique. [37] [38] [39] [40] [41] [42] [43] [44] [45] [46] These patients, ideally, are younger, present with a focal defect, have a short onset of symptom duration, and have had fewer than 2 previous treatments to the lesion. 47 Alternatively, large deep lesions with significant subchondral bone erosion may require reconstruction of the osteochondral unit and may be candidates for an osteochondral allograft. 48, 49 
RECOMMENDATIONS
Overall, patella dislocations are common in children and adults. The use of MRI examination in acute patella dislocations with effusions should be standard as the incidence of cartilaginous loose bodies is high and they cannot reliable be diagnosed using plain x-rays.
Patients need to be evaluated carefully for underlying risk factors (patella alta, lateralized patella tendon attachment, rotational deformity in femur, and/or tibia and trochlear dysplasia) that may predispose them to recurrent patella dislocations. Chondral lesions after patella dislocation should be restored according to best practice in order to avoid rapid progression of chondral breakdown in the PF joint.
